Study objectives: To compare the demographic, behavioural, and biological correlates of use of hormone replacement therapy (HRT) in women with an intact uterus and women who have undergone hysterectomy. Design: Cross sectional analysis of data from the Busselton Health Study and the 1994 Healthway-National Heart Foundation Risk Factor Survey. Setting: Busselton and Perth, Western Australia, 1994. Participants: 2540 women aged 35-79 years. Main outcome measures: Demographic, behavioural, and biological correlates of use of HRT by hysterectomy status. Results: In women with an intact uterus, after adjustment for age and place of residence, current use of HRT was significantly associated with having a professional level of occupation, ever use of alcohol, having a history of smoking, and a lower body mass index. Current users of HRT had significantly lower levels of total cholesterol and higher levels of triglycerides than non-users. In women who had undergone hysterectomy, the only non-biological characteristic associated with use of HRT was having a history of smoking. Current users of HRT had lower levels of systolic blood pressure, lower levels of LDL cholesterol, higher levels of HDL cholesterol, and higher levels of triglycerides. The association between use of HRT and participation in exercise, level of systolic blood pressure, level of HDL cholesterol, and total/HDL cholesterol ratio varied significantly by hysterectomy status. After adjustment for age and place of residence, the mean levels of systolic and diastolic blood pressure, body mass index, waist/ hip ratio, LDL cholesterol, and total/HDL cholesterol ratio were highest in women who had undergone hysterectomy and were not using HRT. Conclusions: Demographic/behavioural and biological correlates of use of HRT varied depending on hysterectomy status. Demographic and behavioural characteristics were more important as selection factors for use of HRT in women with an intact uterus than in women who had undergone hysterectomy. Women who had undergone hysterectomy and were not using HRT had a significantly worse profile for CHD than did women with an intact uterus. These results indicate that any bias in estimates of the protective effect of HRT on risk of CHD in observational studies is likely to depend on the prevalence of hysterectomy within the study population. Hysterectomy status needs to be taken into account in any studies that investigate the effect of HRT on risk of CHD. T here have been numerous studies of the relation between hormone replacement therapy (HRT) and coronary heart disease (CHD).
T
here have been numerous studies of the relation between hormone replacement therapy (HRT) and coronary heart disease (CHD). 1 2 In observational studies, current users of HRT have consistently been shown to have a better cardiovascular risk factor profile than non-users and to have a lower risk of cardiovascular events. 1 3 However, some studies have shown that users of HRT have a better risk factor profile before HRT, 4 5 and it has therefore been argued that the protective effect of HRT on risk of CHD has been over-estimated. [6] [7] [8] This argument is reinforced by the failure of two recent randomised trials involving women with established CHD 9 10 to show a protective effect. 11 Results of randomised trials in women without CHD are not yet clear. The PEPI study showed improved lipoprotein and lower fibrinogen levels in women using HRT. 12 On the other hand, in the Women's Health Initiative, the comparison of the effect of combined HRT (oestrogen plus progestin) with placebo in women with an intact uterus showed a slight increase in risk of CHD and other cardiovascular events (stroke and pulmonary embolism) after five years. This arm of the trial was stopped prematurely because of an increased risk of breast cancer and an excess of risks over benefits as measured by a global index. 13 The unopposed oestrogen component of the trial, involving women who had undergone hysterectomy, is continuing, with results expected in 2005. 14 An important confounding variable in the study of the relation between HRT and CHD, not adequately accounted for in previous studies, is whether or not a woman has had a hysterectomy. Hysterectomy has consistently been shown to be the primary determinant of use of HRT in women around the world, [15] [16] [17] [18] [19] and there is evidence that women who have undergone hysterectomy differ from women with an intact uterus with respect to important risk factors for CHD [20] [21] [22] and have a greater risk of CHD. 23 24 Estimates of the effect of HRT on risk of CHD from observational studies are largely based on women who have undergone hysterectomy 1 25 and few studies of the correlates of use of HRT have stratified by hysterectomy status.
It should be noted that hysterectomy is likely to be the important confounding variable, not the removal of ovaries. Numerous studies have shown the decline in ovarian function associated with hysterectomy even if the ovaries are not removed. [26] [27] [28] Furthermore, hysterectomy status, rather than ovarian status, is the main determinant of whether women are prescribed oestrogen or oestrogen combined with a progestin. 29 Women with an intact uterus are more likely to use combined therapy (oestrogen plus progestin) to protect against endometrial cancer rather than oestrogen alone. 29 30 Progestin in the HRT regimen may attenuate the benefit of oestrogen in reducing risk of CHD, and the recently published results of the Women's Health Initiative have in fact shown a small increase in CHD in women using a combined regimen. 12 13 31 Thus the impact of different regimens of HRT on risk factors for CHD is another source of potential confounding associated with hysterectomy status.
The availability of data from two population based studies in Western Australia, provides an opportunity, within the limitations of a cross sectional study, to examine the association between a variety of behavioural and biological risk factors for CHD and current use of HRT, stratifying for hysterectomy status.
METHODS

Busselton sample
Repeated cross sectional health surveys of all adults and school children were conducted in the shire of Busselton in Western Australia over the period 1966 to 1983. 32 A follow up survey of all participants in the 1966 to 1983 surveys (including those who had left Busselton) was conducted in 1994/95. This included a comprehensive self administered health questionnaire, physical examination and tests by trained personnel; blood samples were taken for biochemical and other analyses (http://bsn.uwa.edu.au). The Busselton women eligible for this investigation were the 2310 women attending the 1994/95 survey who were aged 35 to 79 years at that time.
Women with incomplete data (n=611) for any variables under investigation were excluded leaving 1699 women in the final analyses.
Perth sample
The Perth women were part of the 1994 National Heart Foundation Risk Factor Survey. They were also controls in a case-control study of risk factors for acute myocardial infarction in women aged 35-69. For each five year age group, 152 were selected from the Perth electoral roll and invited to attend a clinic where they completed a self administered questionnaire and underwent a physical examination by a trained nurse. Additional women (17 aged 45-54 and 264 aged 55-64) were randomly selected from the electoral roll for purposes of the case-control study. Of the 1345 women invited to the survey, 75.3% (n=943) attended. After exclusion of women with any missing information (n=102), 841 women remained in the present analyses. The questionnaire included demographic variables, aspects of lifestyle related to CHD, and medical and gynaecological history. Further information concerning use of HRT was collected in a telephone interview.
Ethical considerations
The Committee for Human Rights of the University of Western Australia approved the protocol for the two surveys.
Data analysis
Variables evaluated as correlates of current use of HRT were grouped into demographic (age, marital status, country of birth, and level of occupation), behavioural (leisure time physical activity, ever use of alcohol and smoking) and biological (systolic and diastolic blood pressure, body mass index (kg/m 2 ), waist to hip ratio, total cholesterol (mmol/l), HDL cholesterol (mmol/l), LDL cholesterol (mmol/l) and triglycerides (mmol/l) and total to HDL cholesterol ratio) categories.
After first confirming the (age specific) similarities for Busselton and Perth subjects, the two groups were combined for analyses although place of residence was included in all models. Logistic regression analysis was performed to determine the place of residence and age adjusted odds ratio (and 95% confidence intervals) of current use of HRT for each demographic, behavioural, and biological variable separately for women with and without a hysterectomy. The odds ratio estimates observed in women with and without hysterectomy were compared by fitting a joint model including both groups and calculating the p value of the likelihood ratio statistic of the interaction term representing the individual variable and hysterectomy status. The actual interaction p values are reported and, as a total of 15 variables were assessed, we have only highlighted and interpreted interactions with p<0.025 as statistically significant. Finally, multivariate logistic regression analyses were performed to determine the independent correlates of HRT use separately for women who had undergone hysterectomy and women with an intact uterus. Separate reverse stepwise analyses were first performed for all demographic/behavioural variables and biological variables and the terms retained in each model were then combined and a second reverse stepwise procedure was conducted to obtain the final model. A p value of less than 0.05 was the criterion used to retain variables in the model because the purpose was to compare the list of correlates for the two groups and a more stringent criterion may have discarded relevant variables.
In a separate analysis, the mean level for each biological variable was ascertained by hysterectomy status and current use of HRT, after adjustment for age as a continuous variable (age and age squared) and place of residence. A pairwise comparison of means was then conducted. The mean of each of the three groups, users and non-users of HRT with an intact uterus and users of HRT who had undergone hysterectomy, was compared with the mean of the group of women who had undergone hysterectomy and were not current users of HRT.
RESULTS
As shown in table 1 there were differences in the age distribution of the two study samples. However, the overall and age specific prevalence of hysterectomy and current use of HRT were similar in the two surveys. Apart from age, the distributions of demographic and behavioural variables were similar in the two study populations, and data from Perth and Busselton were combined in all other analyses with adjustments made for age and place of residence. About 15% of women aged less than 50 and about one third of women aged 50 or over reported having undergone hysterectomy. The age specific prevalence of current use of HRT varied by hysterectomy status. For example, among women aged 50-59, 60% of women who had undergone hysterectomy were using HRT compared with 35% of women with an intact uterus.
As shown in table 2, after adjustment for age group and place of residence, current use of HRT in women with an intact uterus was significantly associated with being single, having a professional level of occupation, having ever drunk alcohol and being a ex-smoker. In women who had undergone hysterectomy, only being an ex-smoker and having ever drunk alcohol had a significant association with current use of HRT. Table 3 shows that association between current use of HRT and systolic blood pressure, level of HDL cholesterol, and total/HDL cholesterol ratio varied significantly by hysterectomy status. In women who had undergone hysterectomy, levels of systolic blood pressure tended to be lower in current users of HRT, while in women with an intact uterus there was no clear association. In both groups, total/HDL cholesterol ratio tended to be lower in current users of HRT but the strength of the association was greater in women who had undergone hysterectomy. Current use of HRT was associated with higher levels of HDL cholesterol in women who had undergone hysterectomy but not in women with an intact uterus.
The other biological variables tended to have a similar association with current use of HRT regardless of hysterectomy status. In both groups current use of HRT was associated with a smaller waist to hip ratio, lower body mass index, and lower levels of LDL cholesterol. HRT use was lower for women in the lowest quartile for triglycerides. Tables 4 and 5 show the final multivariate models for use of HRT separately for women with an intact uterus and women who had undergone hysterectomy. Results of the separate analyses for biological and non-biological variables are not presented because all variables retained in these separate models remained significant when they were combined in the final models presented below. As shown in table 4, among women with an intact uterus, current use of HRT was significantly and independently associated with a higher status occupation, having ever drunk alcohol, history of past or current smoking, lower total cholesterol and higher triglycerides, and lower body mass index.
In women who had undergone hysterectomy, the only nonbiological variable retained in the final model was smoking (table 5) . Current use of HRT was significantly and independently associated with lower systolic blood pressure, lower LDL cholesterol, and higher HDL cholesterol and triglycerides. Table 6 shows the mean level of each biological variable by hysterectomy and HRT status after adjustment for age and place of residence. Women who had undergone hysterectomy and were not current users of HRT had the highest mean level of systolic blood pressure, diastolic blood pressure, body mass index, waist-hip ratio, LDL cholesterol and total/HDL cholesterol ratio and the lowest mean level of HDL cholesterol of any group within the study population. The differences in means between women who had undergone hysterectomy and were not current users of HRT and the other groups of women attained statistical significance for a number of variables. Women who had undergone hysterectomy but were not using HRT clearly had a worse coronary risk factor profile than women with an intact uterus.
DISCUSSION
Using two population based cross sectional surveys this study has examined the demographic/behavioural characteristics and the biological coronary risk factor profiles of users and non-users of HRT, stratified by hysterectomy status. It should be noted that the study is limited by the lack of information about the regimen of HRT used (combined therapy or oestrogen alone) and the duration of use. It was not possible to obtain accurate information about the ovarian status of the women who had undergone hysterectomy. However, other evidence from the Western Australian Hospital Morbidity Data System for the time period under consideration, showed that the rate of bilateral oophorectomy in connection with hysterectomy was low 33 and self reports indicated that the prevalence of bilateral oophorectomy in the Perth sample was less than 10%. In any case, for reasons noted earlier, hysterectomy is the important confounding variable, not ovarian status.
Because of the cross sectional nature of this investigation, it has not been possible to test formally the hypothesis that women using HRT have a lower coronary risk before beginning therapy. Nevertheless, some interesting differences according to hysterectomy status have emerged, which suggest lines for further research.
There was a strong association between hysterectomy and the use of HRT, with women who had undergone a hysterectomy much more likely to use HRT. This confirms the findings of other authors. [15] [16] [17] [18] [19] Even so, more than half of the women in this study who had undergone hysterectomy were not using HRT.
Demographic and behavioural characteristics
The results of this study add support to previous observations in other countries that socioeconomic status and healthy behaviours may be less important as selection factors for use of HRT in women who have undergone hysterectomy than in women with an intact uterus. [34] [35] [36] [37] [38] In this study a professional level of occupation was only significantly associated with HRT use in those with an intact uterus, which is consistent with the findings of other studies that indicators of social class, such as level of occupation and level of education are significantly associated with use of HRT in women with an intact uterus but not in women who have undergone hysterectomy.
The association of higher social class with reduced risk of CHD is considered to be mediated through various behaviours, including diet, physical activity, and smoking habit. 39 40 In this study, among women with an intact uterus, users of HRT were more likely to have ever drunk alcohol and to have a lower BMI but were also more likely to have a history of smoking after adjustment for other significant variables. In women who had undergone hysterectomy, the only behaviour associated with current use of HRT in the final multivariate model was having a history of smoking.
Johannes et al 37 found, in the only prospective study stratified by hysterectomy status, that among women who had undergone hysterectomy the only single significant predictor of initiation of use of HRT was the surgery itself. On the other hand, among women with an intact uterus, regular exercise, use of alcohol and lower BMI were all significant predictors of use of HRT.
Biological risk factors
In all of the biological risk factors examined in this study, there were differences between users and non-users of HRT according to hysterectomy status. Among women who had undergone hysterectomy, current use of HRT was associated with lower levels of systolic blood pressure, LDL cholesterol, and higher levels of HDL cholesterol and triglycerides. Among women with an intact uterus, current use of HRT was associated only with lower levels of total cholesterol and higher levels of triglycerides. It has been argued that the finding of higher triglycerides is not important for coronary risk in users of HRT. In the three year PEPI randomised trial both oestrogen alone and combined HRT increased levels of triglycerides 12 but the resulting higher level is not thought to be atherogenic because HRT increases triglycerides by increasing production rather than decreasing clearance. 41 42 Similarly, in a French cross sectional study of women with an intact uterus, mean level of total cholesterol was found to be significantly lower in current users of combined HRT, although the mean level of triglycerides was significantly higher. 43 Leaving aside the triglycerides, therefore, current use of HRT was associated, in this study, with a more favourable lipid profile, regardless of hysterectomy status, but the differences were greater among women who had undergone hysterectomy than among women with an intact uterus.
The association between current use of HRT and systolic blood pressure level was significant in the final multivariate model only in women who had undergone hysterectomy. Levels of systolic blood pressure were higher in women who had undergone hysterectomy, consistent with the findings of other studies. 21 22 In the French study cited above it was observed that levels of systolic and diastolic blood pressure were each significantly lower in users of combined HRT than in non-users. 43 On the other hand, in the PEPI trial, no association was observed between use of HRT and level of blood pressure, however the smallest increase in blood pressure over three years of follow up was observed in women using oestrogen alone. 12 Amigoni et al recently reported that current use of HRT was associated with a small but significant decrease in risk of increased blood pressure but there was no stratification by hysterectomy status. 44 Women in this study who had undergone hysterectomy and were not using HRT had the highest mean level of systolic blood pressure, diastolic blood pressure, body mass index, waist to hip ratio and LDL cholesterol and total to HDL cholesterol ratio and the lowest level of HDL cholesterol. This confirms the findings of Wolf et al that among women who had undergone hysterectomy, levels of cholesterol and blood pressure were higher among non-users of HRT than among users.
They were also higher than for women with an intact uterus, both users and non-users of HRT. 21 Without use of HRT, women who have undergone hysterectomy seem to have a worse coronary risk factor profile than other women, which is consistent with other studies. 20 22 39 The relations between use of HRT, hysterectomy status, and blood pressure need further investigation.
In conclusion, this study has shown that selection factors for the use of HRT and the association between use of HRT and a woman's coronary risk factor profile vary by hysterectomy status. In women who have undergone hysterectomy, current use of HRT is associated with an improved profile for risk of CHD in terms of lipid metabolism and systolic blood pressure that does not seem to be associated with healthy behaviours. These results suggest that the extent of any bias in estimates of the protective effect of HRT on risk of CHD in observational studies is likely to depend on the prevalence of hysterectomy within the study population. 36 45 It was not possible in this study to determine the relative contributions of hysterectomy status and the HRT regimen used. The results of this study underscore the importance of stratifying by hysterectomy status in future studies that investigate the effect of HRT on risk of CHD.
